In higher organisms, a major pathway for repairing double stranded breaks in DNA is non-homologous end-joining. Now a similar pathway has been shown to operate in bacterial cells, indicating that this important repair mechanism has been conserved through evolution.
another gene, ykoV, which encodes a bacterial DNA ligase. Furthermore, like DNA ligase IV, the YkoV ligase was found to act specifically in DNA repair, rather than more generally during replication.
Genetic experiments showed that YkoU and YkoV function in a pathway that repairs double-stranded DNA breaks caused by exposure to ionizing radiation. They do not, however, contribute to repair of other types of DNA damage, for example that caused by exposure to ultraviolet light or alkylating agents. Moreover, this repair pathway is distinct from homologous DNA repair, as strains carrying inactivating mutations in both ykoU and recA are more sensitive to ionizing radiation than either single mutant. Surprisingly, however, a strain defective for RecA, YkoU and YkoV is less sensitive to ionizing radiation than strains lacking either RecA and YkoU, or RecA and YkoV, suggesting that, in the absence of homologous DNA repair, loss of both YkoU and YkoV is less detrimental than loss of either gene alone.
Perhaps the simplest interpretation of these observations is that the bacterial homologues of Ku and ligase function together, and that in the absence of either YkoU or YkoV, the remaining enzyme acts on DNA breaks in a way that interferes with a third, minor repair pathway. Inactivation of both YkoU and YkoV curtails this aberrant activity, which then permits repair of breaks by the third pathway and consequently increases survival against the effects of ionizing radiation. One might speculate that the coordinate regulation of ykoU and ykoV as an operon may have evolved to minimize the chances of such interference occurring.
What How important is the NHEJ pathway for repair of double-stranded DNA breaks in bacteria? Bacteria that are defective in homologous DNA repair through a mutation in recA are more sensitive to killing by ionizing radiation than bacteria with inactivating mutations in either ykoU or ykoV. Hence it appears that homologous DNA repair plays a more important role than NHEJ in repair of double-stranded DNA breaks. This is at least true for actively growing bacteria, which are rapidly replicating their DNA. It makes some sense, as bacterial genomes have very little noncoding DNA so it is important that repair occurs primarily through a high fidelity mechanism. In the wild, however, many bacterial populations live in environments with limiting nutrients, so that they are not rapidly growing and not replicating. In this situation, homologous recombination is not possible and therefore NHEJ is likely to play a critical role in the repair of DNA breaks.
The evidence that a bacterium, like B. subtilis, repairs DNA breaks through non-homologous endjoining is overwhelming. But is it surprising? Probably not. It seems inconceivable that prokaryotes would not use a simple re-joining mechanism to repair broken DNA ends, in addition to the more complex, but higher fidelity, homologous DNA repair pathway. What is undoubtedly more interesting, however, is that the end-joining machinery in these bacteria appears to be a direct ancestor of the NHEJ pathway used by higher organisms, including man. Therefore once again, even though identification of NHEJ in prokaryotes has been late arriving, it is now clear that, not only do bacteria repair double-stranded DNA breaks through non-homologous end-joining, but that they did it first.
